Simultaneous multiple hypertensive intracranial hemorrhage is rare, and its mechanism is unclear. We report a case of simultaneous hypertensive bilateral thalamic hemorrhage. A 58-year-old man presented with sudden mild right hemiparesis. Computed tomography 1 hour after the onset showed bilateral thalamic hemorrhage. Gradient-echo T2*-weighted magnetic resonance imaging showed 17 microbleeds. The patient was treated with medication, discharged home, and achieved a modified Rankin scale of 1 at 3 months from the onset. Additionally, by systematically searching in PubMed, we found 41 cases of simultaneous bilateral hypertensive putaminal or thalamic hemorrhage, including our case: 18 bilateral putaminal, 12 bilateral thalamic, and 11 unilateral putaminal and contralateral thalamic hemorrhage. Symmetric hemorrhage occurred more frequently than expected ratios of hemorrhage occurring randomly in terms of location (p=0.013; Fisher's exact test). These new findings raise the hypothesis that patients may have symmetrically vulnerable vessels. Such conditions would result in coincidence or subsequent rupture of perforating arteries or micro-aneurysms by increased blood pressure and cause symmetric hemorrhages. Studies on the distribution of microbleeds may address these issues.
INTRoduCTIoN
Hypertensive intracranial hemorrhage (ICH) is generally solitary. Simultaneous multiple ICHs are rare and associated with hypertension, amyloid angiopathy, hemorrhagic infarction, coagulation defects, and sinus thrombosis (4, 11) . The incidence of multiple hypertensive ICHs is reported as 0.9% to 4.7% (1, 11, 18, 20, 24, 28) , and its mechanism is unclear. We report a case of simultaneous hypertensive bilateral thalamic hemorrhage, and review the literature and analyze data regarding the location of hemorrhage.
CASE PRESENTATIoN
A 58-year-old man presented with sudden mild right hemiparesis. Computed tomography 1 hour after the onset showed bilateral thalamic hemorrhage ( Figure 1A ). Gradient-echo T2*-weighted magnetic resonance imaging (MRI) showed 17 microbleeds ( Figure 1B ). There were three microbleeds on each side of the putamen and two microbleeds on each side of the thalamus. MRI and magnetic resonance angiography showed no vessel abnormalities and no other lesions, such as tumors. As the patient had a history of hypertension and had stopped anti-hypertensive drugs by his own decision, ICH was considered to be associated with hypertension. The patient was treated with medication and discharged home, and achieved a modified Rankin scale of 1 at 3 months from the onset.
Kono K and Terada T: Simultaneous Bilateral Intracranial Hemorrhages

Review of the Literature and Statistical Analysis
We systematically searched the literature by PubMed using several keywords, including "simultaneous", "multiple", "bilateral", "hypertensive", "hemorrhage/hematoma", "intracranial/ intracerebral", "thalamic/thalamus", and "putaminal/putamen". We narrowed down articles by conditions that "simultaneous" and "hemorrhage/hematoma" appear in the titles. After checking titles and abstracts, 23 articles on simultaneous multiple hypertensive ICHs were found. There were 105 cases of simultaneous multiple ICHs in the 23 articles and our case report (1, 3, 5, 7-9, 11-15, 17-20, 22-29) . In references in the literature (5, 26), we found nine additional cases of simultaneous hypertensive ICH, which were all written in Japanese and not cited by PubMed. We did not include these nine cases because this could cause difficulty for other researchers to trace our search and examine the statistical analysis. Among the 105 cases, there were 10 non-hypertensive ICH and nine hypertensive ICH without a description of the hemorrhagic sites. Therefore, there remained 86 cases of simultaneous multiple hypertensive ICHs with a description of the location of hemorrhage. The locations of hemorrhage were the putamen (n=73), thalamus (n=49), subcortex (n=18), cerebellum (n=16), pons (n=14), and caudate nucleus (n=2). We selected cases of bilateral putaminal or thalamic hemorrhage because the putamen and thalamus are the two most frequent locations of hypertensive ICH (29) . One case of unilateral thalamic and putaminal hemorrhage was excluded from this study. Finally, we analyzed 41 cases of simultaneous bilateral hypertensive putaminal or thalamic hemorrhage, including our case. The mean age ± standard deviation was 60.6±12.0 years (range, 35-89 years). There were 24 males and 17 females. There were 18 bilateral putaminal, 12 bilateral thalamic, and 11 unilateral putaminal and contralateral thalamic hemorrhage cases. There were 47 hemorrhagic sites in the putamen (57%; a=0.57) and 35 in the thalamus (43%; b=0.43). If hemorrhage randomly occurred in terms of location, regardless of the location of other hemorrhages, the expected ratios of hemorrhagic locations were 33% (a Forty-one cases of simultaneous bilateral hypertensive putaminal or thalamic hemorrhage were classified into three categories: bilateral putaminal (Put-Put), unilateral putaminal and contralateral thalamic (Put-Tha), and bilateral thalamic hemorrhage (Tha-Tha). Actual and expected numbers of cases are shown in the graph. The expected numbers were calculated based on the assumption that hemorrhage occurs at random in locations regardless of other hemorrhagic locations. Bilateral symmetric hemorrhage (Put-Put and Tha-Tha) occurred more frequently in the actual cases than in the expected cases. Put = putamen; Tha = thalamus.
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at the bilateral putamen, bilateral thalamus, and unilateral putamen and contralateral thalamus, respectively. We performed statistical analysis using SPSS version 20 (IBM Corp., Armonk, NY, USA). p<0.05 was considered as significant. Symmetric hemorrhage occurred significantly more frequently in 41 cases compared with the expected ratios (p=0.013; Fisher's exact test). Namely, bilateral putaminal or bilateral thalamic hemorrhage occurred more frequently than unilateral putaminal and contralateral thalamic hemorrhage based on the expected numbers when each hemorrhage occurs at random in terms of location, regardless of the location of other hemorrhages (Figure 2 ).
dISCuSSIoN
The majority of spontaneous ICHs are associated with hypertension (3, 28) . Hypertensive ICH commonly occurs at the putamen, thalamus, pons, and cerebellum. The putamen and thalamus are the most common sites of hypertensive ICH (29) . Our review of 86 cases of simultaneous multiple hypertensive ICHs shows a similar trend on the distribution of location. Lenticulostriate arteries are responsible for putaminal hemorrhage and originate from the middle cerebral artery (M1) or proximal anterior cerebral artery (A1) in the anterior circulation. Thalamoperforating arteries are responsible for thalamic hemorrhage and originate from the posterior cerebral arteries in the posterior circulation. Chronic hypertension produces hyaline degeneration of perforating arteries. Rupture of micro-aneurysms or perforating arteries is considered a cause of hypertensive ICH. Although the mechanism of bilateral simultaneous hypertensive ICH is unclear, two possible mechanisms have been proposed (3, 11, 13, 18, 24) . First, coincidental rupture of bilateral microaneurysms or perforating arteries can cause bilateral ICHs. Second, subsequent rupture of bilateral micro-aneurysms or perforating arteries can cause multiple ICHs. An initial hemorrhage increases blood pressure, which may result in subsequent contralateral hemorrhage. Both mechanisms are probable. Which mechanism causes bilateral ICH in each case is difficult to determine unless subsequent neurological symptoms of each side are observed. Although not proven, rupture of bilateral micro-aneurysms or perforating arteries occurring at exactly the same time may be rare. Therefore, we consider that subsequent rupture is more probable than coincidental rupture. The time lag of subsequent rupture can be from a few seconds to a few hours. The initial rupture increases systemic blood pressure, which may result in rupture of most vulnerable vessels at other sites.
Our analysis showed that symmetrical bilateral hemorrhage occurs more frequently than asymmetric bilateral hemorrhage. This finding raises the hypothesis that perforation of arteries or micro-aneurysms are prone to occurring at symmetrical locations. Namely, the distribution of hyaline degeneration of lenticulostriate or thalamoperforating arteries is likely to be symmetric. (20) . The number of microbleeds in our case (n=17) is consistent with their results. In their study, the distribution of location of microbleeds was not examined. Although studies have examined the distribution of location of microbleeds (10, 16) , there are no studies on laterality of distribution of microbleeds. Jia et al. demonstrated that systolic blood pressure had a significant association with microbleeds in the territory of the posterior cerebral artery (6) . Their study may be supportive evidence of our hypothesis that microbleeds tend to be distributed symmetrically because perforating arteries originating from the anterior or posterior circulation are responsible for putaminal or thalamic hemorrhage, respectively. Trends of distribution of microbleeds were unable to be determined from our single case. A large-scale study focusing on laterality of distribution of microbleeds by T2*-weighted MRI may address our hypothesis that distribution of hyaline degeneration of lenticulostriate or thalamoperforating arteries is prone to be symmetric.
In our systematic review, there may be selection bias because some of the literature included case reports without complete surveys. Symmetric bilateral ICH is likely to be reported rather than asymmetric bilateral ICH. When only complete surveys of consecutive ICHs were selected, there were 27 cases of simultaneous bilateral hypertensive putaminal or thalamic hemorrhage among 5334 cases of ICH in total (9, 20, 24, 26, 29) . The same statistical analysis of hemorrhagic sites as described above showed p=0.050 (details not shown), and there was still a strong trend of deviation to symmetrical hemorrhage. Therefore, we consider that our analysis and discussion are still valid.
CoNCLuSIoN
We report a rare case of simultaneous hypertensive bilateral ICH. A systematic review found 41 cases of simultaneous hypertensive putaminal or thalamic hemorrhage. In these cases, symmetrical hemorrhage frequently occurs. These new findings suggest that patients may have symmetrically vulnerable vessels. Further examinations of the distribution of vulnerable vessels by T2*-weighted MRI may address these issues.
